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Fig. 1-1  The chemical structure and CYP3A-mediated metabolic pathways of drugs 
used in this study. A, hydroxylation of nevirapine (NVP) by CYP3A4. B, carbamazepine 
(CBZ) 10,11-epoxidation by CYP3A4. C, hydroxylation of triazolam (TZM) by CYP3A4. As 
shown in figure, each rings of NVP and CBZ are named A~C, and each rings of TZM is named 
At~Dt respectively.  
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Fig. 1-2  The chemical structures of endogenous steroids used in this study. 
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Fig. 1-3  Effect of steroids on the activities of NVP hydroxylation and CBZ 
10,11-epoxidation by expressed CYP3A4. A, 2-Hydroxylation of NVP; B, CBZ 
10,11-epoxidation. Control means the addition of only organic solvent without endogenous 
steroid with the total concentration of solvent less than 2% (v/v). 
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Fig. 1-4  Concentration-dependence of the effect of aldosterone (ALD), androstenedione 
(AND) and estradiol (EST) on NVP hydroxylation and CBZ epoxidation by expressed 
CYP3A4. A, 2-Hydroxylation of NVP; B, CBZ 10,11-epoxidation. Control activity of NVP 
2-hydroxylation was 4.6 nmol/nmol CYP/min. Control activity of CBZ 10,11-epoxidation was 
1.4 nmol/nmol CYP/min. Control means the addition of only organic solvent without 
endogenous steroid with the total concentration of solvent less than 2% (v/v).  
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Table 1-1  Kinetic parameters of NVP 2-hydroxylation by expressed CYP3A4. 
 Km Vmax Vmax/Km 
NVP only 36.9 4.1 0.11 
  plus aldosterone 51.8 15.2 0.29 
  plus androstenedione 121.0 14.5 0.12 
  plus estradiol 112.2 4.3 0.04 
The reactions were performed in the absence or presence of 100 M steroids. Units are as 
follows: Km, M; and Vmax, nmol/nmol CYP/min.  
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Fig. 1-5  Substrate-Velocity curve (A) and Eadie-Hofstee plots (B) of CBZ 10,11- 
epoxidation by expressed CYP3A4. 
The reaction was performed in the absence or presence of 100 M effectors.  
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Fig. 1-6  Proposed interaction between NVP and steroids in the active site of a CYP3A4 
model. NVP docked into the active site of CYP3A4 in an orientation conducive to its 
2-hydroxylation. A, Interaction between NVP and aldosterone (ALD); B, Interaction between 
NVP and androstenedione (AND); C, Interaction between NVP and estradiol (EST). The heme 
group is shown in red. NVP is shown in yellow. AND, ALD and EST are shown in blue. 
Phe304 and Ser312 are shown in green.  
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Fig. 1-7  Proposed interaction between CBZ and steroids in the active site of a 
CYP3A4 model. CBZ docked into the active site of CYP3A4 in an orientation conducive 
to its 10,11-epoxidation. A, Interaction between CBZ and aldosterone (ALD); B, 
Interaction between CBZ and androstenedione (AND); C, Interaction between CBZ and 
estradiol (EST). The heme group is shown in red. CBZ is shown in yellow. AND, ALD and 
EST are shown in blue. Phe304 and Ser312 are shown in green. 
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Fig. 1-8  Proposed  interactions between substrates and estradiol. The distances 
between A-ring of estradiol and A-rings of NVP (A) or CBZ (B) were also shown. The 
interaction between estradiol and NVP was based on the model D of Tsuzuki et al. (41). 
The interaction between estradiol and CBZ was based on the model F (41). 
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Fig. 1-9  Proposed interaction between CBZ and CBZ in the active site of a CYP3A4 
model. CBZ docked into the active site of CYP3A4 in an orientation conducive to its 
10,11-epoxidation. The heme group is shown in red. Phe304 and Ser312 are shown in 
green. 
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Fig. 1-10  Substrate–velocity curves (A) and Eadie–Hofstee plots (B) of - and 
4-hydroxylation of triazolam formation by expressed CYP3A4. Open and closed circles 
show - and 4-hydroxytriazolam formation, respectively. Each value represents the mean 
of duplicate determinations. 
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Table 1-3  Effect of steroids on kinetic parameters of triazolam - and 
4-hydroxylation by expressed CYP3A4. 
 
 
                  Metabolite Km 
( M) 
Vmax 
(nmol/nmol CYP/min)
Vmax/Km 
(mL/nmol CYP/min) 
TZM only -hydroxy TZM    59.36        17.79        0.30 
 4-hydroxy TZM   288.77 55.60        0.19 
TZM + aldosterone -hydroxy TZM 54.31 17.37 0.32 
 4-hydroxy TZM 280.95 54.11 0.19 
TZM + estradiol -hydroxy TZM 152.06 7.06 0.04 
 4-hydroxy TZM 361.96 25.29 0.07 
TZM + DHEA -hydroxy TZM 264.56 9.11 0.03 
 4-hydroxy TZM 293.87 31.34 0.11 
 
Triazolam concentrations were 5 to 300 M. The reaction was carried out in the absence or 
presence of 100 M steroids. Values are mean of two experiments. 
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Fig. 1-11  Proposed interaction between two triazolam molecules in the active site of 
CYP3A4. Triazolam is docked into the active site of CYP3A4 in an orientation conducive 
to - (A and B) or 4-hydroxytriazolam formation (C and D). The heme group is shown in 
red. One triazolam is shown in pink (TZM-1) and the other in blue (TZM-2). Phe304 and 
Ser312 of CYP3A4 are shown in green. 
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Table 1-4  Potential and stabilization energy of triazolam - and 4-hydroxylation by 
expressed CYP3A4. 
 
Potential energy a) 
(kcal/mol) 
Stabilization energy d)
(kcal/mol) 
 
hydroxy TZM radical TZMb) dimer TZM c) dimer TZM c) 
-hydroxy TZM 0.00  0.00  0.00 -1.21 
4-hydroxy TZM -4.16 -9.60 -5.56 0.09 
 
a) Relative values to potential energy of -hydroxytriazolam ( -hydroxy TZM). 
b) Radical intermediate which would appear in the process of triazolam - and 
4-hydroxylation by CYP3A4. 
c) See Figure 1-11 B and 1-11 D. 
d) Calculation of stabilization energy is described in Materials and Methods. 
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Fig. 1-12  Effects of endogenous steroids on activity of triazolam hydroxylation by 
expressed CYP3A4 supersomes, which is co-expressed with human 
NADPH-cytochrome P450 reductase and cytochrome b5 as described in the Materials 
and Methods. The concentrations of substrates and endogenous steroids used in this 
experiment were 100 M. Open columns show -hydroxytriazolam formation and hatched 
columns show 4-hydroxytriazolam formation. Control activities of - and 
4-hydroxytriazolam formation were 11.3 and 14.0 nmol/nmol CYP/min, respectively. 
Control experiments involved the addition of organic solvent only, without endogenous 
steroid, at a total concentration of 1% methanol (v/v). Each value represents the mean of 
duplicate determinations. 
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Fig. 1-13  Concentration-dependence of effects of aldosterone, estradiol, and DHEA 
on triazolam hydroxylation by expressed CYP3A4. A, -hydroxytriazolam formation; B, 
4-hydroxytriazolam formation. The concentration of substrates was 100 M. Aldosterone 
(?), estradiol (?) and DHEA (?) were added at concentrations of 0, 20, 50, 100, 200 M, 
as shown. Activities of - and 4-hydroxytriazolam formation without steroids (100%) were 
11.3 and 14.0 nmol/nmol CYP/min, respectively. Control experiments involved the 
addition of only organic solvent, without endogenous steroid, and at total concentration of 
1% methanol (v/v). Each value represents the mean of duplicate determinations. 
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Fig. 1-14  Effects of aldosterone, DHEA, and estradiol on substrate–velocity curves 
and Eadie–Hofstee plots of triazolam hydroxylation expressed by CYP3A4. Each 
value represents the mean of duplicate determinations. A, Effects of three steroids on 
substrate–velocity curves of -hydroxytriazolam formation. B, Effects of three steroids on 
Eadie–Hofstee plots of A. C, Effects of three steroids on substrate–velocity curves of 
-hydroxytriazolam formation. D, Effects of three steroids on Eadie–Hofstee plots of C. 
The reactions were performed in the presence or absence of 100 M steroids. (?), control; 
(?), aldosterone added; (?), estradiol added; (?), DHEA added. Each value represents 
the mean of duplicate determinations. 
 
 45
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1-15  Proposed interactions between triazolam and steroids in the active site of 
CYP3A4. Triazolam was docked into the active site of CYP3A4 in an orientation 
conducive to its - (A, C, E) or 4-hydroxylation (B, D, F). A and B, Interactions between 
triazolam and aldosterone (ALD); C and D, interactions between triazolam and estradiol 
(EST); E and F, interactions between triazolam and DHEA. The heme group is shown in 
red. Triazolam is shown in blue. ALD, EST, and DHEA are shown in pink. Phe304, Ser312 
and Ser315 of CYP3A4 are shown in green.
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Table 1-5  Comparison of distances between ferryl oxygen and the oxidation site, 
relevant angles and stabilization energy of the substrate-effector interaction. 
 
  Distance 
(Å) 
Angle 
(degree） 
Stabilization energy 
(kcal/mol) 
-hydroxy TZM TZM only  3.137 139.1 - 
 TZM + TZM 5.388 153.9 -1.21 
 TZM + ALD 3.381 124.7 7.88 
 TZM + EST 5.698 157.2 4.52 
 TZM + DHEA 5.690 158.5 5.40 
4-hydroxy TZM TZM only 3.630 130.0 - 
 TZM + TZM 3.628 124.2 0.09 
 TZM + ALD 3.913 129.6 11.51 
 TZM + EST 4.437 153.6 3.75 
 TZM + DHEA 4.145 157.4 5.58 
 
a) The distances between ferryl oxygen and the oxidative site of carbone in triazolam were 
illustrated in Fig. 1-11 and Fig. 1-15. 
b) The relevant angles indicate the degree of Fe-O-C of oxidative site. 
c) Calculation of stabilization energy is described in Materials and Methods. 
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???? ?? 
 
? ????????????? CYP3A4??? NVP 2?????CBZ?????
?????????????????????????????????????
?????????????????? NVP 2?????CBZ????????
?????????????????????????????????????
?????????????????????????????????????
??????36?????????????? CYP3A4????????????
??????????????????????????????? 
? ?? NVP 2????????????????? ALD?CBZ????????
??????? AND?NVP 2?????????????? EST???????
??????????Fig. 1-5?Table. 1-2????????CBZ????????
???????????Km1? AND?ALD?EST?????????????Km2
? AND?????????AND?ALD?EST???????Michaelis-Menten?
??????????????????Table. 1-2? a???????AND?ALD?
EST??????b???? Km2?Vmax2?? a???? Km?Vmax?????
????????????AND?ALD?EST?????? CBZ????????
????? site-1?????????????????????????????
?????????????????????????????????AND?
ALD?EST? site-1?? affinity? CBZ????????????CBZ? AND?
ALD?EST?????? site-1??????????????? CBZ? site-1??
???????????????AND???? CBZ? site-2?? affinity????
???????? CBZ?????????????????site-1? AND???
??????? CBZ??????????????????????????ALD?
EST??????????????? site-1???????????CBZ? site-1
??????????CBZ????????????????????CBZ? site-2
?? affinity ???????????????????????????????
????????????????????????? two binding site?????
???? AND? CBZ? site-2?????????????????ALD?EST?
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??????????? CBZ ???????????????????????
?????????????????????????????????????
??????Vmax1 = 0??????????????????????????
?????????????????????????????????????
??????????????????? 
? ???????????????????????? CYP3A4 ???????
?????????????????????????????????????
?????????????????????????Fig. 1-7????????
AND? CBZ???????????????????????????CBZ??
?????????????????????????EST ??????CBZ ?
??????????????????????????????????ALD
? D ??????????CBZ ??????????????????????
????????????????????Fig. 1-7?????????????
AND???? ALD?EST?????????????????????????
???CYP3A4??????????????????????????????
?????????????????? 
? ???CBZ? CBZ???????????????????????????
???????Fig. 1-9???????CBZ?????????????????
?????????????????????? 12.6 kcal/mol?????????
???CBZ ???????????????????????????????
????????????CBZ ??????????????????????
?????????????????????????????????????
?????CBZ????????????????????????CYP3A4??
???????????????????????????? 
? ??CYP3A4???TZM?????????????????????Fig. 1-10
????????? ??4???? TZM??????Michalis-Menten????
?????????????????? TZM?? 60 M????? ??4?
??????????????TZM 60 M???????4??????????
?????????????????????????????????????
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?????????????????? TZM???????????????? 
? CYP3A4??????? TZM? 1????????????????????
??? ????? Fig. 1-11 A??4????? Fig. 1-11 C??????????
????????? CYP3A4???????????????? TZM??????
????????????????????????????????????
??????????? ?? 4??????????? 
? ???? CYP??? 1?????????????????????????
??????? 6 ????????????????????????????
?????????????????????????????????????
????????????????? 2?????????????????43??
????TZM ??4???????????????????????????
????????????????????????????????????
?????????????Table 1-4 ???????????????????
?? ???????????????????????????? TZM? 4?
?? ????? 2????????????????????????????
????????? 4 ???????  ??????????????????
?????CYP3A4 ?????? TZM ???????????????Km ??
????  ?????????????????????? 4????????
????????????????  ?????4 ?????????????
????????? 
? ?? CYP3A4?????? TZM? 2???????????????????
??????????????????????????? ????? Fig. 1-11 
B??4????? Fig. 1-11 D??????  ??4?????????????
??????? 2?? ? ????????CH- ?????????????
????????????????????????? CYP3A4 ???????
??? Phe 304? Ser 312??????? 4?????????????????
??????????????? 4?????????????Table 1-4????
????????????????? 4?????????????  ????
????????????????????????????????????
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????????????????????? ? ??????CH? ????
????????????????????????????????????
?????????????????????????????? TZM????
???????????????? CYP3A4 ?????? 4 ?????????
????????????????????? 
? ??????????????????????TZM ???????????
????????????????????????????????????
ALD??  ??4?????????????????????? EST??  ?
??????????????????? DHEA ??????????????
?????ALD???? CYP3A4 ?????????????????????
????????????TZM ?  ??4 ????????????????
ALD?CYP3A4??????????Ser 315????????????????
?????TZM? ALD??????????????????????????
????????????????????????????????????
???????Fig. 1-15 A?B??????????? ALD??????????
????????????????????????????? 
? TZM  ??4?????????????????????? EST??????
Fig. 1-15 C?D????????EST? CYP3A4? Ser 312??????????
????????TZM?  ??4???????????????? EST???
????????? ? ?????????????????????????
??????????????????????? EST ???????????
??????????????????????????Km????????  ?
?????????????????????????????????????
????? TZM ??????  ?????????????????????
???????????????????EST????? EST? TZM?????
?????????1????????????????????????? 1?
?????????????????????????????????????
??????? ? ??????????????????44?????????
??????????????? TZM??????????????? ?  ?
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??????????????????????????????????? EST
???????  ??????????? Km???????????????
????? 
? DHEA? TZM  ??4?????????????????????????
??  ?????????????????????????????????
??  ??4???????????????? DHEA? CYP3A4? Ser 315??
???????????????? DHEA? TZM??????????????
TZM? DHEA??????????????????????????????
????????????????????????????????????
DHEA ????????DHEA ??????????????????????
TZM?????????????????????????  ?? 4?????
?????????????????????????????????????
??????????????Km ????????  ???????????
???????????????? 1 ????? EST ????????????
?????????DHEA? TZM?????????????????????
?????????????????????????????????????
????????????????????????????????? 
? ???????CYP3A4?????????????????????????
??????????????????????????????TZM ????
?????????????????????????????????????
???????? 
? ???????????????????????????????????
?45-47?????????????????????????????????
?????????????????????????????????????
????????????????????????????????????
?????????????????????????? 
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? 4?? ?? 
 
? ?? CYP3A4 ??? NVP?CBZ ??? TZM ???????????????
?????????????????????????????????????
?????????? 
 
1?? ?? CYP3A4???? NVP?CBZ??? TZM?????????????
??????????????????????????????? 
 
2?? NVP??? CBZ???????????? ALD??? AND??????
????????Vmax/Km ???????????CYP3A4 ?????????
?????????????????????????????????????
???CYP3A4??????????????????????????????
??????????? 
 
3?? ????????????CBZ???????????????????CBZ
???????????????????????????????????
CYP3A4??????? CBZ? 2????????CBZ???????????
?????????????????????????? 
 
4?? TZM???????????????TZM??? 60 M??????? 
???? 4????????????????????60 M?????? 4??
??????????????????CYP3A4?????? TZM? 2????
???????????????????????????????? ? ??
??? CH? ??????????????????????????????
???????????????????????????????? 4????
???????????????? 
 
5?? ???????????????????????CYP3A4??????TZM
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? ALD?EST???? DHEA??????????????TZM???????
?????????????????????????????????????
????????? 
 
? ?????????? CYP3A4???? NVP 2?????CBZ???????
? TZM?????????????????????????????????
?????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
????????????????????????? 
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???? CYP3A7????????? 
 
? ????????? CYP ?????? CYP3A7 ???????????DHEA
??? DHEA-3S???????????????CYP3A4??????????
????????????????????????????????????Fig. 
2-1 ???????CYP3A7 ? CYP3A4 ??????? 94??????? 88??
?????????????????CYP3A7? CYP3A4???????????
????????????????????????????????DHEA??
? DHEA-3S?????????????????????????2004????
????? CYP3A4? X??????30?????????? CYP3A7????
????????????????????????????????? 
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Fig. 2-1  Sequence alignment between CYP3A4 and CYP3A7. Helices are indicated by 
letters and -sheets are indicated by numbers above the sequences. Stars show the 
positions of different amino acids in CYP3A4 and CYP3A7. 
 
 56
?
? 1?? ???
 
?-1-1? ????????? 
?????????????????????????-1-1????? 
? ??????? DHEA??? DHEA-3S??????????????????
??????????????????????????????NADPH-P450 ?
????fp2?????????????????????????????? b5
????????????????????????????? b5??????
?????????? 
 
?-1-2? CYP3A?CYP3A???????? CYP3A7??????????? 
  ?-1-2-a? CYP3A??????????? 
? CYP3A7 cDNA? CYP3A4 cDNA?????????????????????
pCI-neo?pSVL????????????????CYP3A7/pSVL?CYP3A4/pCI-neo??
???CYP3A7 cDNA ??CYP3A7/pSVL ? Xho ??BamH ????????
pBluescript? SK+??????CYP3A7/pBluescript ? SK+??CYP3A4 cDNA ??
CYP3A4/pCI-neo ? Xho??Xba???????pBluescript? SK+??????
?CYP3A4/pBluescript ? SK+?????Sma??Xba????? p2Bac ?????
CYP3A7 cDNA???CYP3A4 cDNA??????CYP3A7/p2Bac?CYP3A4/p2Bac??
E.coli JM109???????????? 
?  
? ?-1-2-b? CYP3A?????????????? 
? CYP3A ?????????? Fig. 2-2 ?????????????????
CYP3A7 cDNA? CYP3A4 cDNA???? CYP3A??????????????
??? 
1) CYP3A7(279)/4-p2Bac?CYP3A4(279)/7-p2Bac 
? CYP3A7/pSVL ? CYP3A4/pCI-neo? EcoR ????????????????
?? 723-bp??????? 39??? 279??????????????? EcoR ?
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? ? ? ? CYP3A4/pCI-neo ? CYP3A7/pCI-neo ? ? ? ? ? ?
?CYP3A7(279)/4-pCI-neo?CYP3A4(279)/7-pCI-neo????????????? Xho 
??Xba ????? p2Bac ???????????CYP3A7(279)/4-p2Bac?
CYP3A4(279)/7-p2Bac?? 
2) CYP3A4(209)/7-p2Bac 
? ?-1-2-a???? CYP3A4/pBluescript ? SK+?????? Hind ???????
543-bp??????? 29??? 209?????????????? Hind ????
?? CYP3A7/pBluescript ?  SK+???????CYP3A4(209)/7-pBluescript ? 
SK+ ?? ? ? ? ? ? ? ? ? ? ? ? p2Bac ? ? ? ? ? ? ? ? ? ?
?CYP3A4(209)/7-p2Bac?? 
3) CYP3A4(109)/7-p2Bac 
? ?-1-2-a???? CYP3A4/pBluescript ? SK+?????? Xho ??Stu ???
????327-bp??????? 1??? 109?????????????? Xho ??
Stu ? ? ? ? ? ? CYP3A7/pBluescript ?  SK+ ? ? ? ? ? ?
?CYP3A4(109)/7-pBluescript ? SK+????????????? p2Bac?????
??????CYP3A4(109)/7-p2Bac?? 
 
? ?-1-2-c? CYP3A????????????????? 
? TaKaRa??Mutan-Super Express Km????? 6??????????????
? N116S?H174D?N214D?K224T?K244E?K262E????????????Table 
2-1??????????????????????? Amersham Pharmacia Biotech
? Thermo Sequenase Cy 5.5 dyeterminator cycle sequencing Kit??????????
???????????????????????p2Bac??????????? 
 
????????-1-3~?-1-10???????? 
 
?-1-3? ???????????????? 
? ?-1-3-a? DHEA 16 -????????? 
? ????? 100 mM ???-???pH7.4??0.1 mM EDTA?0.1 mM DHEA?
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NADPH-P450 ?????50 pmol/pmol CYP??????? b5 ?20 pmol/pmol CYP??
?? CYP3A?10 pmol/mL???? NADPH ????????????? NADPH
?????????????????37?? 30???????2 M??????
?????pH5.2??????????????????? 11 -hydroxy androsterone
?????????? 2??????????????????????????
????????? TCA-????????????????-?????????
??70?? 90?????????????????-?????????????
??70??10???????????????0.2 M?????????????
???????????????????????????? HPLC???????
HPLC??????L-6000???????????RF-530???????Shimadzu?
??????????Inertsil??? 6 m?4.6?250 mm????????????
????????????????=100?1???? 1.0 ml/min?????? 330 nm?
????? 495 nm??????? 
 
? ?-1-3-b? DHEA-3S 16 -????????? 
? ?????37??30???????100??10????????????????
2 M???????????pH5.2?1 mL????????500 unit?????37?
?24??????????????????????-1-3-a??????????
??? 
 
? ?-1-3-c? ????????? 
? ?-1-13???????? 
 
  ?-1-3-d? ??????? 6 -????????? 
? ????????????????? Hayashi ?????48????????
???????????? 100 mM ???????????pH 7.4??0.1 mM EDTA
?pH 7.4??0.1 mM????????NADPH-P450 ?????50 pmol/pmol CYP??
????? b5 ?10 pmol/pmol CYP???? CYP3A?10 pmol/mL???? NADPH?
?????????? NADPH?????????????????37?? 30?
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??????????????? 5 mL???????????????????
2,500 r.p.m? 10??????????????? 4 mL???????????
??????????????? 50 L?????20 L???????????
????HPLC??????????????????????????????
??????????? = 660?300?44????2.3 mL/min????240 nm???
?????? L-6000?UV?????? L-4000???????????? D-2500?
???? Sensyu pack SSC-silica 1251-N??4.6?250 mm????????????
?? 
 
? ?-1-3-e? ???????? N-??????????? 
? ????? 100 mM ???????????pH 7.4??0.1 mM EDTA?pH 7.4??
0.1 mM ?????????NADPH-P450 ?????25 pmol/pmol CYP?????
?? b5 ?10 pmol/pmol CYP???? CYP3A?20 pmol/mL???? NADPH????
??????? NADPH?????????????????37?? 30????
????????? 10%?????????? 0.5 mL ????????????
2,500 r.p.m? 10????????????? 500 L? Nash?? 2 mL????
37??30???????????????????????EX?410 nm?EM?510 
nm??????????????? F-2000????? 
 
? ?-1-3-f? ?????????????? 
? ?-1-11-a???????????????????????????????
?? CYP3A7?20 pmol/mL??NADPH-P450 ?????25 pmol/pmol CYP?????
?? b5 ?10 pmol/pmol CYP????30??????????? 
 
? ?-1-3-g? ??????????????? 
? ?-1-11-c ???????????????????????????????
?? CYP3A7?10 pmol/mL??NADPH-P450 ?????50 pmol/pmol CYP?????
?? b5 ?20 pmol/pmol CYP????30??????????? 
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?-1-4? CYP3A7?????????????? 
? ?-1-4-a? CYP3A7??????????? 
? CYP3A7???????????Yano??30????? CYP3A4?????PDB
??? 1TQN?????Accelrys??San Diego, CA, USA?? INSIGHT II/HOMOLOGY
??????????????? 
?  
  ?-1-4-b? ??????????????? 
? ?-1-4-a ????? CYP3A7 ?????????????????????
DHEA??? DHEA-3S??????? Gaussian 98?38????????????
????????????????? Becke? three parameter??39??????
?? Lee-Yang-Parr ???40?????????? 6-31G**??????????
????????????????????????????DHEA ???
DHEA-3S??? 16 ??????????? 6???????????????
????????????????????????????????????
??????? 
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? 2?? ?? 
  
?-2-1? CYP3A7??????????? 
? ?-1-4-a????????CYP3A7???????????????Fig. 2-3??
Fig. 2-3??????????? CYP3A7??????????????? CYP3A4
? X???????????????????????????????????
F-G ???????? 2 ?????????????? F’ ??? G’ ?????
???????????????????????? X ???????????
? CYP2A6?49?? CYP2C8?50?? CYP2C9?51??????????????
??????? CYP2C5??????????28?????CYP3A7??????
??? F???????? G???????CYP3A4???? CYP2A6?CYP2C8?
CYP2C9??????????????????????CYP3A7???????
?? F-G????CYP3A4???? I????????????????????
?????CYP3A4?????? F-G????????????????????
???????42??CYP3A7 ???????????????????????
????????????? 5??????????????Ser 180?Arg 212?
Phe 304?Tyr 307?Glu 308?Thr 309?Thy 310?Ser 311?Asn 451? 9??????
??????CYP3A4?CYP3A7??????????????????Fig. 2-1??
????CYP3A7 ??????????????? CYP3A7 ? CYP3A4 ????
?????????????????????? 
? ????CYP3A7 ????????????????????????????
Fig. 2-2???? CYP3A7? CYP3A4????????????????????
???? 
 
?-2-2? CYP3A???????? DHEA??? DHEA-3S 16 -????????
?????? 
CYP3A7?DHEA???DHEA-3S 16 -??????????????????
????? CYP3A ?? CYP3A ?????????DHEA ??? DHEA-3S 16 -
????????????????????????? Lineweaver-Burk plot?Fig. 
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2-4? 2-5???????????Table 2-2?2-3 ???????????????
DHEA 16 -??????????? Km???CYP3A4? N-?? 39???? 279
?????????? CYP3A7 ????????????? [CYP3A7 (279)/4]?
14.2 M ?CYP3A7? N-?? 29???? 209?????????? CYP3A4??
??????????? [CYP3A4(209)/7]? 9.5 M ?CYP3A7? N-???? 109
?????????? CYP3A4 ????????????? [CYP3A4(109)/7] ?
11.8 M????CYP3A7? 14.8 M??????????CYP3A7? N-?? 39
???? 279 ?????????? CYP3A4 ????????????? 
[CYP3A4 (279)/7]? 56.5 M????CYP3A4? 52.5 M???????????
??DHEA-3S 16 -??????????? Km???CYP3A7 (279)/4? 26.4 M? 
CYP3A4(209)/7? 23.8 M?CYP3A4(109)/7? 20.7 M????CYP3A7? 18.5 M
?????????CYP3A4 (279)/7? 134.6 M????CYP3A4? 106.2 M??
????????DHEA 16 -????????DHEA-3S 16 -?????????
?? Vmax???????CYP3A7?? 20.8?6.5?CYP3A4?? 5.0?0.9?CYP3A7 
(279)/4 ? 43.5?13.5?CYP3A4 (279)/7 ? 5.2?1.1?CYP3A4(209)/7 ? 9.8?3.6?
CYP3A4(109)/7? 10.8?4.6 nmol/nmol P450/min????DHEA-3S 16 -?????
??????Vmax????DHEA 16 -???????????Vmax?????
?????? DHEA 16 -??????????? Vmax/Km?? CYP3A7????
???CYP3A4?0.06?CYP3A7 (279)/4?2.1?CYP3A4 (279)/7?0.06?CYP3A4(209)/7
? 0.7?CYP3A4(109)/7? 0.7??????? DHEA 3S 16 -??????????
? Vmax/Km?? CYP3A7???????CYP3A4? 0.02?CYP3A7(279)/4? 1.5?
CYP3A4(279)/7? 0.02?CYP3A4(209)/7? 0.43?CYP3A4(109) /7? 0.64??????  
? ??????Leu 210 ?? Glu 279 ???? CYP3A7 ??? DHEA ???
DHEA-3S 16 -?????????????????????????Fig. 2-3??
?? CYP3A7?????????????I???????? F-G???????
??????????? 
 
?-2-3? CYP3A7????? DHEA??? DHEA-3S???????? 
? ?-2-2?????CYP3A7??? DHEA? DHEA-3S????????????
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??????Km?????????????? Vmax?? DHEA???????
???????????????????-1-4-b????????CYP3A7???
?????? DHEA??? DHEA-3S????????????????????
Fig. 2-6???????????????CYP3A7?????????? 180??
Ser ??????????????304 ?? Phe ???????????????
?????????????????????????????????????
? DHEA? 16 ?? C-H????? O-C? 3.2??O-H? 2.4?????DHEA-3S
? 16  ?? C-H????? O-C? 3.4??O-H? 2.4?????????????
???DHEA ??? DHEA-3S ? Km ????????????????????
????????????????? DHEA-3S ? DHEA ????? Km ???
??????????????????????????????-2-2?????
?????????????????????? Leu 210?? Glu 279?????
?? CYP3A7 ? 1 ????????? CYP3A4???????????????
????????CYP3A7?????????????????????????
??? 
  
?-2-4?  CYP3A7???????????? DHEA??? DHEA-3S 16 -??? 
? ? ? ???? 
? CYP3A7?DHEA???DHEA-3S 16 -??????????????????
????????? CYP3A7 ???????????????DHEA ???
DHEA-3S 16 -????????????????Fig. 2-7??????????? 
? ??????????? DHEA 16 -???????????? CYP3A7???
????????K244E ???????? 17?????????????K224T
? 23?????????H174D? 151%?N214D? 133%?????????Fig. 2-7 
A?????DHEA-3S 16 -?????????K224T?????K244E?????
CYP3A7 ???? 8%????????????H174D? 123%????????
?Fig. 2-7 B?? 
 
?-2-5? CYP3A7?????????????????? 
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? CYP3A7 ??????????????????????????????
CYP3A4?CYP3A7??? CYP3A7?????????????????????
?????????????????????????????????????
?? 
? Fig. 2-8 A????????? 6 ???????????????CYP3A4??
??? (4.94 nmol/nmol CYP/min)????????? CYP3A7 ????? (0.41 
nmol/nmol CYP/min)????????????????????????????
???K224T?K244E ???????????? CYP3A7 ??????????
19%?22%???????? 
? Fig. 2-8 B??????????? N-???????????????CYP3A4
????? (80.6 nmol/nmol CYP/min) ?????????CYP3A7????? (7.7 
nmol/nmol CYP/min) ???????????????????????????
?K244E????CYP3A7?????? 36%?????K224T????????? 
? ?????????????? Fig. 2-8 C?????2??? 12???????
???????CYP3A4?????????????? CYP3A7????????
????????????????2??????????K224T?K244E???
???????????12????????????? 2???????????
??? CYP3A7????? (0.039 nmol/nmol CYP/min) ????? 51%?41%??
?????? 
? ????????????????? 3??????????????? ??
? 4??????????????CYP3A4??????????????CYP3A7
????????????????????????? K224T?K244E ????
?????????? ??????????K224T??????????K244E
?????????? CYP3A7????? (0.22 nmol/nmol CYP/min ) ? 9%???
?? (Fig. 2-8 D)????4????????????? 2???????????
??? CYP3A7????? (4.81 nmol/nmol CYP/min) ????? 9%?14%???
????? 
?  
?-2-6? CYP3A7?????????????????? 
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? ?-2-4??-2-5 ????? 6 ???????????????-2-2 ????
CYP3A7?????????????????????? Leu 210?? Glu 279?
?????????? K224T?K244E?K262E ?????? CYP3A7 ?????
??????????????????Fig. 2-3???-2-4??-2-5 ???????
?????????????K224T?K244E?????????????????
??????CYP3A7????????????? K224T?K244E?K262E???
?????? CYP3A7??????????????????Table 2-4?????
CYP3A7???Lys 224???????????????K224T???????Val 
220????????? Thr 224??????????????????K244E?
?????????Glu 244????????? Arg 243??? Ser 247?????
????????????????K224T ??? K244E ???????????
?? 3?????????????????????
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Fig. 2-2  Schematic representation of wild type and chimeric CYP3As constructs 
used for the analysis of substrate specificity. CYP3A7 sequence is shown in the hatched 
column, and CYP3A4 sequence is shown in the white column. The numbers indicate 
amino acid residues.  
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Table 2-1  Primers used for amplification of CYP3A7 cDNA 
site-directed-mutagenesis (SDM). 
 
Amino acid 3A7 3A4 5’                       3’ 
N116S Asn (N) Ser (S) TTATGAAAAGTGCCATCTC 
H174D His (H) Asp (D) ACCTTGAAAGACGTCTTTG 
N214D Asn (N) Asp (D) AGATTTGATCCATTAGATCC 
K224T Lys (K) Thr (T) TCTCAATAACAGTCTTTCC 
K244E Lys (K) Glu (E) TTCCAAGAGAAGTTATAAG 
K262E Lys (K) Glu (E) GGTCGCCTCGAAGAGACAC 
 
The oligonucleotides used to introduce the different substitutions are underlined with the 
specific change. 
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Fig. 2-3  Three-dimensional structure of CYP3A7 determined by computer modeling. 
A, whole three-dimensional structure of CYP3A7. This structure is illustrated from the 
distal side of heme. B, active site structure of CYP3A7. Letters indicate helix. The heme 
group is shown in red. Helix F is shown in cyan, helix G is shown in green and helix I is 
shown in magenta. Asn116 and Hid174 are shown in orange, Lys224, Lys244 and Lys262 
are shown in yellow, Asn214 is shown in blue, and Phe304 is shown in black. The figures 
were produced using RasMol 2.7.1 (http://www.umass.edu/microbio/rasmol/). 
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Fig. 2-4  Lineweaver-Burk plot of DHEA 16 -hydroxylation by CYP3As and CYP3A 
chimeras expressed in TN-5 cells. A, CYP3A7; B, CYP3A4; C, CYP3A7(279)/4; D, 
CYP3A4(279)/7; E, CYP3A4(209)/7; F, CYP3A4(109)/7.   
DHEA 16 -hydroxylation was determined in three experiments over a DHEA 
concentration range of 2.5 – 100 M. 
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Fig. 2-5  Lineweaver-Burk plot of DHEA-3S 16 -hydroxylation by CYP3As and 
CYP3A chimeras expressed in TN-5 cells. A, CYP3A7; B, CYP3A4; C, 
CYP3A7(279)/4; D, CYP3A4(279)/7; E, CYP3A4(209)/7; F, CYP3A4(109)/7.   
DHEA-3S 16 -hydroxylation was determined in three experiments over a DHEA 
concentration range of 2.5 – 100 M. 
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Table 2-2  Kinetic parameters of DHEA 16 -hydroxylation by CYP3As and CYP3A 
chimeras expressed in TN-5 cells. 
System Km 
( M) 
Vmax 
(nmol/nmol 
P450/min) 
Vmax/Km 
(ml/nmol 
P450/min) 
CYP3A7 14.8 20.8 1.4 
CYP3A4 52.5  5.0 0.1 
CYP3A7(279)/4 14.2 43.5 3.0 
CYP3A4(279)/7 56.5  5.2 0.1 
CYP3A4(209)/7  9.5  9.8 1.0 
CYP3A4(109)/7 11.8 10.8 0.9 
 
Maximum velocity (Vmax) and apparent affinity constant (Km) were determined by 
Lineweaver-Burk plot analysis. DHEA 16 -hydroxylation was determined in three 
experiments over a DHEA concentration range of 2.5 – 100 M. Standard deviation was 
less than 10% of the mean value. 
 
Table 2-3  Kinetic parameters of DHEA-3S 16 -hydroxylation by CYP3As and 
CYP3A chimeras expressed in TN-5 cells. 
System Km 
( M) 
Vmax 
(nmol/nmol 
P450/min) 
Vmax/Km 
(ml/nmol 
P450/min) 
CYP3A7  18.5  6.5 0.35 
CYP3A4 106.2  0.9 0.01 
CYP3A7(279)/4  26.4 13.5 0.51 
CYP3A4(279)/7 134.6  1.1 0.01 
CYP3A4(209)/7  23.4  3.6 0.15 
CYP3A4(109)/7  20.7  4.6 0.22 
 
Maximum velocity (Vmax) and apparent affinity constant (Km) were determined by 
Lineweaver-Burk plot analysis. DHEA-3S 16 -hydroxylation was determined in three 
experiments over a DHEA concentration range of 2.5 – 100 M.
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Fig. 2-6   DHEA (A) and DHEA-3S (B) docked into the active site of CYP3A7 in an 
orientation conductive to their 16 -hydroxylation. The heme group is shown in red. 
DHEA and DHEA-3S are shown in blue. Ser180 and Phe304 are shown in green.  
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Fig. 2-7   DHEA (A) and DHEA-3S (B) 16 -hydroxylation activities of CYP3A7, 
CYP3A4 and CYP3A7 mutants. The concentrations of DHEA and DHEA-3S used in this 
study were 100 M. The columns represent the average values obtained from three 
determinations. Significantly different from the value of the activity of CYP3A7 at *p < 
0.05 and ***p < 0.005, respectively. N.D. means “not detectable”. 
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Fig. 2-8  Testosterone 6 -hydroxylation (A), EM N-demethylation (B), NVP 2- or 
12-hydroxylation (C), and TZM - or 4-hydroxylation (D) activities of CYP3A7, 
CYP3A4 and CYP3A7 mutants. The concentrations of substrates used in this experiment 
were 100 M. The columns represent the average values obtained from duplicate 
determinations. 
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Table 2-4  Changes in distance between CYP3A7 wild type and mutants. 
 
 
Homology models of K224T, K244E, and K262E were constructed by replacing K224, 
K244, and K262 in CYP3A7 wild type with T224, E244, and E262. These models were 
fully minimized under conditions described in Materials and Methods. 
CYP3A7s Residue Residue Distance (Å)
WT K224 N D217 O -2 9.946
K224 N D217 O* 9.026
K224 N V220 O* 5.565
K224 H -1 V220 O* 5.323
K224 N L221 O* 7.711
K244 N R243 N -1 13.709
K244 N R243 N -2 12.785
K244 N S247 O 10.729
K262 N None
K224T T224 O V220 O* 2.917
T224 H V220 O* 1.969
T224 O D217 O -1 9.999
T224 O D217 O -2 8.54
T224 O L221 O* 3.088
K244E E244 O -2 R243 N -1 11.754
E244 O -2 R243 H -2 10.597
E244 O -2 S247 O 9.146
E244 O -2 S247 H 9.071
K262E None
* Carbonyl oxygen atom of main chain.
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